Poly-Urethane-Cement(PUC) is a new type of composite material which can be used in many construction area in recent years. This paper presents an experimental study of the axial behavior of strengthened reinforced-concrete (RC) columns using PUC. 5 concrete column specimens were constructed, strengthened and tested to failure under compressive axial load. The test results show that PUC can provide effective confinement for the concrete core and significantly increase the axial strength and deformation capacity of the RC columns. The ultimate load carry capacity of the strengthening columns is governed by failure of the PUC wrap.
INTRODUCTION
In recent years, more and more structural deficiencies are associated with the columns and bridge piers. Therefore, the research on the strengthening of columns becomes more and more attractive. Over the past two decades, many strengthening methods have been studied and used in concrete columns retrofitting practice such as FRP wrapping method, steel jacket confinement method and steel plate bonding method [1] [2] [3] [4] . These methods could increase the compressive strength, ductility and deformation capacity of the concrete columns. However, they also have many disadvantages such as expensive price, bonding quality and steel corrosion.
To overcome aforementioned strength and deformation problems of the columns and the disadvantage of the existing retrofitting methods, this paper introduces another composite material, namely poly-urethane-cement (PUC), which can be used in many construction engineering. PUC has excellent bonding and adhesive properties with concrete material, without the need of extra glue for bonding of the material for the retrofitting of columns [5] [6] .
EXPERIMENTAL DETAILS
(c) Steel rebar frame 
Test Specimens
This study used circular cross section RC columns. Five columns were constructed in the lab. One bare column, named C1, was tested as a reference specimen without any strengthening. The remaining four bare columns, named S1~S4, respectively, were strengthened using PUC composites with different thickness as described below.
Seeing Figure1, four bare columns were strengthened by PUC. The thickness of strengthening material was 5 mm, 10 mm, 15 mm and 20 mm, respectively.
The strengthening construction is very simple. Seeing Figure 2 , Firstly, the PUC was mixed in a clean pan by weight according to the design ratio, and the mixing process was performed using an electric mixing machine for 2~4 min to obtain a homogenous mixture. And then the mixture was casted into the mold like concrete. The initial setting was 1 h, and the mold was removed after 24 h. All specimens were tested under monotonically increasing concentric caxial load using an actuator. Axial load, displacements and strain were recorded electronically by the data acquisition system continuously. Figure 3 shows the loading set up. 
Materials
The main components of PUC are polyurethane and cement, which are mixed together according to the design mix proportion. Polyurethane is the key matrix of PUC. The chemical composition of polyurethane is shown in Table I . The cement is used as the particle reinforcement.
Polyol and polyisocyanate were the main raw materials in the mix design. The mixing ratio of the PUC components (polyol: polyisocyanate: cement) was1:1:3 by weight. The test results of compressive strength and tensile strength were conducted in lab. The average of the compressive strength is 62.9MPa. The average of the tensile strength is 38.4MPa.
EXPERIMENTRESULTSAND DISCUSSION
The key test results of all the specimens are summarized in the table II. The experimental axial load-displacement relations for the reference column and columns strengthened with PUC are compared in Figure 4 .
As the Figure 4 and Table II show clearly, PUC wrap can improve the ultimate displacement and the failure load of the concrete columns greatly. The ductility of columns increases greatly after strengthening with the PUC, which is very helpful to the structure safety. Both the displacement and the failure load increase with the increasing of the thickness of the PUC wrap.
The experiment results indicate that the PUC wrap can provide the effective lateral confinement to the core concrete, which changes the stress state of the core concrete. As shown in Figure 4 , the initial stiffness increases slightly with the increasing of thickness of PUC wrap. When the core concrete stress exceeds the peak point, the stiffness will decrease greatly and the displacement increase quickly.
Strain sheets were glued on the surface of the PUC material as shown in Figure3. The lateral strains of PUC material were recorded. The ultimate strains were list in Table II . The axial strain is the average nominal strain of the concrete core which is calculated according to the compressive deformation of the columns. Figure5 shows the relations between axial load and strains. In Figure 5 , at the initial test stage, PUC wrap confinement effect is low, the mechanical behavior of the concrete core just like the unconfined concrete. However, after the concrete enters the plasticity stage, the Poison's ratio of concrete increases, the transverse deformation development quickly, the confine effect of the PUC wrap began to work, which greatly enhance the ultimate strain of the concrete.
CONCLUSIONS
This study proposed a composite material that can be used in the strengthening concrete columns. It has advanced mechanical properties such as high strength, light density and good durability. PUC wraps effectively increase the axial strength and displacement of the reference concrete columns. The PUC wrap can provide effective confinement to the concrete core. It is a good confinement material for the concrete columns. The ultimate load carrying capacity of the strengthening columns is governed by failure of the PUC wrap.
